SWING MEASUREMENT METHOD, GOLF SWING ANALYSIS METHOD, 
AND COMPUTER PROGRAM PRODUCT 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a swing measurement 
method of measuring a swing behavior of an impact- 
implement, such as a golf club or a baseball bat having a 
grip portion, which is swung while the grip portion is 
being grasped. The swing measurement method is capable of 
directly and easily measuring the swing behavior without 
being influenced by flexure of the impact implement. In 
particular, the present invention relates to: a method of 
measuring the behavior of a golf swing directly and easily, 
without being influenced by the flexure of a golf shaft; 
to an analysis method capable of analyzing the golf swing 
behavior by a simple and effective model made from the 
obtained swing measurement data; and to a computer program 
product having computer program code causing a computer to 
analyze the golf swing behavior. 

2. Description of the Related Art 

Many types of golf clubs have been produced 
conventionally in order to pinpoint the direction of ball 



flight and to lengthen the carry. For example, golf clubs 
have been produced by considering static characteristics 
such as the shaft length of the golf club, the club weight, 
and the shaft stiffness. On the other hand, it is known 
that the form of the golf swing is an important element 
for making the flight direction of a hit ball more 
accurate, and for increasing the carry distance. 
Determining which golf club is suitable to an individual's 
golf swing, from the many types of golf clubs available, 
has conventionally been an important concern for golfers. 
Therefore, in order to determine which golf club is 
suitable for an individual's golf swing, it is desirable 
to directly and objectively know the characteristics of 
one's individual golf swing, and to select the suitable 
golf club from the various golf clubs available based on 
that knowledge. 

In an Unexamined Published Japanese Patent 
Application (Kokai) No. 10-244023, . a method of selecting a 
golf club suitable to an individual's swing was processed, 
by applying a strain gauge on a portion of a shaft of a 
golf club facing the direction of impact, and on a portion 
of the shaft facing the direction to which golfers face in 
an address state, perpendicular to the impact direction, 
measuring the deformation of the shaft during a swing from 



the output signals of the strain gauges during the swing 
and typifying the characteristics of the golf swing, and 
then choosing a golf club suitable to the individual's 
swing from among various golf clubs based on the typified 
golf swing. In addition, an accompanying device or the 
like was also proposed. 

On the other hand, in an Unexamined Published 
Japanese Patent Application (Kokai) No. 6-210027, a golf 
club design method capable of designing a golf club, in 
which a method of measuring a golf club by obtaining data 
for position and rotation angle by using a video camera in 
at least one location, such as on a shoulder, an elbow, or 
a wrist, then creating a model of a golfer from solid body 
elements such as beam elements, truss elements, or finite 
elements, and a model of a golf club, capable of design 
changes, by solid body elements such as finite elements, 
and then using the models to perform a simulation of the 
swing, was proposed. According to this proposal, it says 
it has become possible to select a golf club suitable to 
one's individual swing by using this method. 

In addition, in a Japanese Utility Model 
Registration No. 3050448, a device capable of validating 
swing form by photographing the swing form three 
dimensionally using a plurality of video cameras was 



this proposal, it says it has become possible to know the 
characteristics of one's individual golf swing to a 
certain extent. 

However, the above-mentioned method of measuring the 
deformation of the shaft during the swing by applying 
strain gauges to the shaft of the golf club do not 
directly measure the behavior of the actual swing. Rather, 
they estimate the swing form from deformed shape of the 
shaft by comparing various deformations of the shaft 
during conventionally typified swing forms and the 
measured deformation. Further, the time sequence data 
obtained is shaft strain data, so the golfer who swings 
the golf club cannot visually understand the result of the 
estimation . 

Furthermore, in the method of validating the swing 
form by photographing the swing form three dimensionally 
by using a plurality of video cameras, the swing form is 
able to be directly seen, and the validation of the swing 
form and the swing form characteristics can easily be 
understood. However, it is not easy to set up the 
plurality of video cameras such that a blind spot does not 
develop during the swing. Further, the plurality of video 
cameras have to be synchronous each other, therefore the 
set up is not easy. Even if the video cameras are 
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appropriately arranged so that a blind spot does not 
develop, for the data for the movement of the golf club 
head, a grip portion, and elbow and arm movement acquired 
sequentially in time, the resolution of the data is 
limited to be low. In particular, there are problems in 
that the rotation angle data, such as that for the wrist 
returning movement of the grip portion, is difficult to 
measure, and the measurement is performed with. even lower 
Q precision. Furthermore, since many images are obtained 

using a plurality of video cameras, total amount of image 
data becomes enormous, and there becomes a problem that 
much efforts are needed in handling the enormous data for 
data processing . 

With the method of performing a simulation by 
modeling the golfer using solid elements using elements 
such as beam elements, truss elements, or finite elements 
in order to investigate golf club behavior, data such as 
the physical data of the model and shape data must be 
input, and intricate preparations are necessary before 
performing the simulation. Furthermore, the swing 
characteristics cannot be typified simply with a solid 
body model using beam elements, truss elements, or finite 
elements . 

The above problems which thus arise during the 



measurement of the swing form are not limited to the golf 
swing, and there are common problems in various swings 
using an impact implement, such as a baseball bat swing, a 
tennis racket swing, and a badminton racket swing. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the 
above-mentioned problem, and therefore has an object to 
provide a swing measurement method capable of easily- 
obtaining time sequence measurement data by directly 
measuring a swing behavior of an impact implement having a 
grip portion, such as a baseball bat, a tennis racket, or 
a badminton racket, when the grip portion is grasped and 
swung, without being influenced by flexure of the impact 
implement. In particular, an object of the present 
invention is to provide a swing measurement method capable 
of easily obtaining time sequence measurement data by 
directly measuring a golf swing behavior of a golfer 
without being influenced by flexure due to a golf shaft. 
In addition, an object of the present invention is to 
provide a method of analyzing a golf swing capable of 
obtaining the behavior of a golf club grip portion using a 
simple and effective model, without using a solid element 
model such as a beam element, a truss element, or a finite 
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element model. 

In order to achieve the above and other objects, 
according to a first aspect of the present invention, 
there is provided a swing measurement method for measuring 
a swing behavior during a swing with an impact implement 
grasped on a grip portion thereof, comprising the steps of 
fixing a three dimensional magnetic sensor to the grip 
portion of the impact implement, forming magnetic fields, 
O each distribution of intensity and direction thereof being 



known, within a range of motion of the grip portion, so 



3; 



that the three dimensional magnetic sensor senses 
magnetism of each of the formed magnetic fields for 
M, outputting signals corresponding to three dimensional 

s— ; 

M* position of the grip portion with respect to a 

S predetermined point, and to pointing direction of the grip 

portion with respect to a predetermined direction, and 
acquiring at least one of three dimensional position 
coordinates data of the grip portion and pointing 
direction data of the grip portion from the output signals. 

In particular, the impact implement is a golf club, 
and the three dimensional position coordinates data and 
the pointing direction data, are acquired during the swing 
of the golf club. 

Furt.her, it is preferable that the three dimensional 
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position coordinates data and the pointing direction data, 
represent the swing behavior of the grip portion at least 
from a top state to an impact state of the swing. 

Further, it is preferable that the three dimensional 
magnetic sensor fixed to the grip portion has three 
mutually orthogonal axes for sensing, one direction of an 
axis from among the three mutually orthogonal axes being 
aligned with a direction of an axis of a shaft. of the golf 
O club, and one direction of an axis from among the other 

IJI two axes being aligned with an impact direction of the 

m 

y golf club . 

~: Further, it is preferable that the three dimensional 

^ magnetic sensor is fixed to the end of the grip portion. 

O 

!=& Further, according to a second aspect of the present 

Q invention, there is provided a golf swing analysis method 

for analyzing a swing behavior of a golf club, comprising 
the steps of receiving time sequence data of three 
dimensional position coordinates of a grip portion of the 
golf club, and time sequence data of pointing direction of 
the grip portion during a golf swing from a data 
acquisition means, calculating a swing plane, on which a 
swing path of the grip portion is approximated, from the 
time sequence data of the three dimensional position 
coordinates, projecting the swing path of the grip portion 



on the swing plane and approximating the projected swing 
path as an arc to obtain the arc as a swing path arc of 
the grip portion, and obtaining arm angle time sequence 
data of an arm angle showing a position of the grip 
portion on the. swing plane from the time sequence data of 
three dimensional position coordinates and the swing path 
arc, and at least one time sequence data from the group 
consisting of wrist angle time sequence data of a wrist 
angle found based on a shaft direction angle obtained from 
the pointing direction of the grip portion and showing a 
shaft direction of the golf club on the swing plane, and 
rotation angle time sequence data of a shaft rotation 
angle, around a shaft axis of the golf club, from the 
pointing direction. 

It is preferable that the wrist angle is found by 
subtracting the arm angle from the shaft direction angle. 

It is also preferable that the swing plane of the 
grip portion is calculated using the swing path of the 
grip portion including the swing behavior at least from a 
top state of the golf swing to an impact state. 

Further, it is also preferable that the swing path 
arc of the grip portion is calculated using the projected 
swing path including the swing behavior at least from a 
top state of the golf swing to an impact state. 
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Further, it is preferable that the arm angle time 
sequence data, and at least one of the wrist angle time 
sequence data and the rotation angle time sequence data, 
represent the swing behavior at least from a top state of 
the golf swing to an impact state. 

Further, it is preferable that the swing behavior of 
the grip portion is analyzed by plotting at least one time 
sequence data, from among the wrist angle time . sequence 
O data and the rotation angle time sequence data, against 

the arm angle time sequence data. 

Further, it is preferable that the data acquisition 
means has a three dimensional magnetic sensor and a means 
for forming magnetic fields, each distribution of 
intensity and direction thereof being known, so that the 
O three dimensional magnetic sensor senses magnetism of each 

of the formed magnetic fields for outputting signals 
corresponding to three dimensional position of the three 
dimensional magnetic sensor with respect to a 
predetermined point, and to pointing direction of the 
three dimensional magnetic sensor with respect to a 
predetermined direction, acquires the time sequence data 
of the three dimensional position coordinates and the time 
sequence data of the pointing direction, by fixing the 
three dimensional magnetic sensor to the grip portion and 
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forming the magnetic fields within a range of motion of 
the grip portion during the golf swing. 

It is also preferable that the data acquisition 
means uses at least one camera from the group consisting 
of a high speed camera, a CCD camera, and a strobe 
photography camera, and the time sequence data of the 
three dimensional position coordinates and the time 
sequence data of the pointing direction during, the golf 
swing, are acquired by performing measurements from images 
obtained by the camera. 

Furthermore, according to a third aspect of the 
present invention, there is provided a computer program 
product, comprising a computer readable medium having 
computer program code embodied for an analysis of swing 
behavior of a golf club, the computer program code 
including computer program code configured to cause a 
computer to receive time sequence data of three 
dimensional position coordinates of a grip portion of the 
golf club and time sequence data of pointing direction of 
the grip portion during a golf swing from a data 
acquisition means, computer program code configured to 
cause a computer to compute a swing plane, on which a 
swing path of the grip portion is approximated, from the 
time sequence data of the three dimensional position 
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coordinates, computer program code configured to cause a 
computer to project the swing path of the grip portion on 
the swing plane and approximate the projected swing path 
as an arc to obtain the arc as a swing path arc of the 
grip portion, and computer program code configured to 
cause a computer to obtain arm angle time sequence data of 
an arm angle showing a position of the grip portion on the 
swing plane from the time sequence data of the. three 
O dimensional position data and the swing path arc, and at 

^ least one time sequence data from the group consisting of 

~ z -% wrist angle time sequence data of an wrist angle found 

si 

^ based on a shaft direction angle obtained from the time 

M sequence data of the pointing direction and showing a 

*=? 

M= shaft direction of the golf club on the swing plane, and 

m 

=3 rotation angle time sequence data of a shaft rotation 

O 

angle, around a shaft axis of the golf club, from the 
pointing direction. 

It is preferable that the wrist angle is found by 
subtracting the arm angle from the shaft direction angle. 

Further, it is preferable that the swing plane is 
computed using the swing path of the grip portion 
including the swing behavior at least from a top state of 
the golf swing to an impact state. 

It is preferable that the swing path arc of the grip 
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portion is computed using the projected swing path 
including the swing behavior at least from a top state of 
the golf swing to an impact state. 

It is also preferable that the arm angle time 
sequence data, and at least one of the wrist angle time 
sequence data and the rotation angle time sequence data, 
represent the swing behavior at least from a top state of 
the golf swing to an impact state. 

O Further, it is preferable that the computer program 

code also includes computer program code configured to 

z % cause a computer to plot at least one time sequence data, 

'Si 

b f* from among the wrist angle time sequence data and the 

|=a rotation angle time sequence data, against the arm angle 

P 

H time sequence data. 

s=Si 

w 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Fig. 1 is a schematic drawing showing an example of 
applying a swing measurement method of the present 
invention to a golf swing; 

Fig. 2 is a drawing showing an example of a 
measurement system using the swing measurement method of 
the present invention; 

Fig. 3 is a flow chart showing an example of a flow 



of a golf swing analysis method of the present invention; 

Fig. 4 is a drawing for explaining a swing plane 
used in the golf swing analysis method of the present 
invention; 

Fig. 5 is a drawing for explaining a swing path arc 
used in the golf swing analysis method of the present 
invention; 

Fig. 6A is a drawing for explaining an arm angle and 
a wrist angle used in the golf swing analysis method of 
the present invention; Fig. 6B is a drawing for explaining 
a shaft rotation angle used in the golf swing analysis 
method of the present invention; and 

Figs. 7A and 7B are figures for explaining an 
example of the characteristics of a swing form extracted 
in accordance with the golf swing analysis method of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A swing measurement method and a golf swing analysis 

method of the present invention are explained in detail 

below based upon the preferred embodiments shown in the 

attached figures. 

The swing measurement method of the present 

invention is a measurement method applied in cases of 



measuring a swing behavior when swinging using an impact 
instrument, such as a baseball bat swing, a tennis racket 
swing, or a badminton swing. An example of a swing using a 
golf club is given and explained below. 

Fig. 1 is a schematic diagram showing an example of 
the swing measurement method of the present invention 
applied to a golf swing. The example shown in Fig. 1 is a 
method of acquiring time sequence data of the behavior of 
a grip portion during a golf swing using a three 
dimensional position and pointing direction measurement 
system (hereafter referred to as a measurement system) 10. 
A receiver 16, a magnetic sensor of the measurement system 
10 stated below, is attached at the edge portion of a grip 
portion 14 placed at the end of a shaft 13 of a golf club 
12 . 

For the measurement system 10, three types of 
predetermined magnetic fields develop one after another 
from a transmitter 18 (means for forming magnetic fields) 
fixed in position on the back of a person performing a 
golf swing. Magnetisms of the three magnetic fields are 
sensed by a receiver 16 (three dimensional magnetic 
sensor) fixed in the grip portion 14 moving and rotating, 
corresponding to position and pointing direction thereof 
within the three types of magnetic fields formed by the 
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transmitter 18. Nine output voltage signals are output 
totally, and from these output voltage signals data 
processing is performed by a controller data processing 
device 20, and position data and pointing direction data 
of the receiver 16 are obtained. 

As shown in Fig. 2, the measurement system 10 has: 
the transmitter 18 for forming predetermined 
magnetic fields; 

O the receiver 16 for generating three axis direction 

•t* output voltage signals corresponding to intensity and 

^ direction of the magnetic field; and 

a *jj a controller data processing device 20 having a 

3: 

H driver circuit 20a for generating driver signals for 

H developing the three types of predetermined magnetic 

y fields in the transmitter 18; a detection circuit 20b for 

U 

detecting the output signals from the receiver 16; and a 
computer 20c for controlling the driver circuit 20a, for 
performing data processing from the output voltage signals 
obtained, and for computing time sequence data of three 
dimensional coordinates (x, y, z) based on three mutually 
orthogonal coordinate system, which has axes X, Y, Z 
taking a predetermined point, for example, a center 
position of the transmitter 18 as the origin thereof, and 
time sequence data of posture angles, yaw angle, pitch 
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angle, and roll angle (hereafter expressed as 0 y , 0 p , 0 r ) 
expressing pointing direction of the receiver with respect 
to a predetermined direction, for example, the Y axis 
direction of the three mutually orthogonal coordinate 
system. 

Each of the transmitter 18 and the receiver 16 has 
three coils wound in loop shapes in directions of three 
mutually orthogonal axes respectively, as shown in Fig. 2, 
and the transmitter 18 is fixed in place behind the person 
performing the golf swing, and the receiver 16 is fixed in 
an edge portion of a grip portion 14 of the golf club 12. 

The controller data processing device 20 has the 
driver circuit 20a, the detection circuit 20b, and the 
computer 20c which performs control of the driver circuit 
20a and the detection circuit 20b, and is prepared with 
data processing software for getting the three dimensional 
position and pointing direction of the receiver 16 from 
output voltage signals Vs sent from the detection circuit 
20b. 

The transmitter 18 is connected to the driver 
circuit 20a inside the controller data processing device 
20, and the receiver 16 is connected to the detection 
circuit 20b inside the controller data processing device 
20, respectively. 
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The measurement system 10 is thus structured as 
above. Note that the time sequence data of the three 
dimensional position coordinates (x, y, z) of the receiver 
16 fixed to the grip portion 14 with respect to the 
predetermined point, and the time sequence data of the 
posture angles (0 y# G p , 0 r ) of the receiver 16 with respect 
to the predetermined direction are obtained as shown below. 

As shown in Fig. 2, the driver circuit 20a outputs 

0 

. ri identical signals in which frequency and phase are 

% fj normally constant, and the three loop shape coils wound in 

O 

Jp the three axis directions of the transmitter 18 are 

=P excited in order. Based on such, three different magnetic 

YL fields developed in each loop shape coil due to the 

excitation, and three independent output voltage signals 
O Vs are generated in the three loop shape coils wound in 

the three axis directions of the receiver 16. In other 
words, three output voltage signals Vs are generated in 
the three loop shape coils of the receiver 16, 
corresponding to each of the three magnetic fields excited 
by the three loop shape coils of the transmitter 18, 
therefore a total of 9 (3 x 3) output voltage signals Vs 
are obtained. 

On the other hand, the transmitter 18 which forms 
the magnetic fields is fixed in a predetermined point and 



in a predetermined direction, and therefore distributions 
of intensity and direction of the magnetic fields become 
known with respect to the predetermined point and the 
predetermined direction. By using the 9 output voltage 
signals Vs, subjected to A/D conversion, which develop due 
to the formed magnetic fields, the 6 unknown values of the 
three dimensional position coordinates (x, y, z) of the 
receiver 16, with respect to the predetermined. point , and 
the posture angles (0 y , 6 p , 0 r ) of the receiver 16, with 
respect to the predetermined direction, can be extracted. 

The three dimensional position coordinate (x, y, z) 
data and the posture angle {0 y , 0 p , 0 r ) data are computed in 
the computer 20c of the controller data processing device 
20 by using the 9 output voltage signals Vs sent from the 
detection circuit 20b. 

The three dimensional position coordinates (x, y, z) 
and the posture angles (0 y , 0 p , 0 r ) obtained by the 
measurement system are introduced to a personal computer 
22, and time sequence data for the behavior of the grip 
portion 14 during the swing can be obtained. 

Note that in this embodiment, as shown in Fig. 2, 
the coils are wound in three mutually orthogonal axis 
directions of the receiver 16, and therefore the receiver 
16 is fixed to the end portion of the grip portion 14 of 
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the golf club 12 with pointing direction of the receiver 
16 established so that one of the three axis directions is 
aligned with an axis direction of the shaft 13, and in 
addition, one of the remaining two axis directions is 
aligned with an impact direction of the golf club. . By 
doing so, the time sequence data of the rotation angle 
around the golf club shaft, and a wrist angle, namely, as 
mentioned later an angle calculated by subtracting an arm 
angle showing the position of the grip portion 14 from a 
shaft direction angle of the shaft 13 on the swing plane 
of the grip portion 14 during the swing, can be obtained. 
When fixing the receiver 16 in the golf swing measurement 
method of the present invention, there are no particular 
limitations placed on the direction of the receiver 16, 
and it may be fixed in any direction. However, it is 
preferable to fix the receiver 16 in place so that it is 
aligned with the axis direction of the shaft 13 and the 
impact direction of the golf club 12. 



Corporation) can be given ate an example of this type of 



measurement system 10. Conventionally, when performing 
image measurements from images Yaken by a CCD video camera, 
the sampling period of the captured image is 1/60 sec, and 
measurement resolution of the posiuion of the grip portion 




system (produced by Polhemus 
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is from 1 to 2 ram, but the time sequence data of the 
Fasttrak II system\are acquired in a sampling period of, 
for example, 1/120 sVc, measurement resolution of 0.8 mm, 
and a rotational angular resolution of 0.15 deg. More 
detailed information regarding behavior of the grip 
portion 14 during the swYng can therefore be obtained, 
because the sampling period is shorter, and the resolution 
higher, compared to that of \conventional methods. 

Furthermore, measuring Vhe rotation angle of the 
shaft of the golf club, and the wrist angle, by image 
measurements of images captured \by CCD video camera is 
difficult by nature. For exampleV even though measurements 
can be performed by attaching a special jig to the golf 
club, the rotation angle around the ishaft axis data and 
the wrist angle data cannot be obtained at a resolution so 
much high as that of the measurement system by magnetic 
field of the present invention, for example the 0.15 deg 
resolution of the Fasttrak II system. \ 

In addition, at most, on the order of 2 sec of swing 
data, for example the three dimensional position 
coordinates (x, y, z) and the posture angles (0 y , 0 p , © r ) 
for a total of 6 types of data, are obtained with the 
Fasttrak II system. Compared to performing image 
measurements by capturing images by CCD video camera and 



then analyzing the images, the amount of data handled is 
extremely low in the Fasttrak II system, and the 
processing speed is also overwhelmingly fast. 

Further, with a method of measuring strains of the 
shaft 13 by attaching strain gauges or the like to the 
shaft 13, the swing behavior of the golfer cannot be 
directly measured without being influenced by flexure of 
the shaft 13 when measuring the strain of the shaft. 
However, with the swing measurement method of the present 
invention, the swing behavior of the golfer can be easily 
and speedily measured without being influenced by flexure 
of the shaft 13. 

The receiver 16 is attached to the edge portion of 
the grip portion 14 of the shaft 13 in this embodiment, 
but there are no limitations on the placement, and 
receiver 16 may be placed at any part of the grip portion, 
provided it is a location having little flexure 
substantially. 

Further, as stated above, the present invention is 
not limited to the golf swing, and the swing form itself 
can be directly measured, without being influenced by 
flexure of the impact implement, for various types of 
swings using impact implements. 

The time sequence data thus obtained of the three 
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dimensional position coordinates {x, y, z) and the posture 
angles (0 y , 0 p , 0 r ) of the grip portion 14 during the swing, 
are used, for performing analysis of the golf swing, 
explained below. 

Fig. 3 is a flow chart showing an example of a golf 
swing analysis method of the present invention. The series 
of steps, from a step 100 of obtaining time sequence data 
of the three dimensional position coordinates (x, y, z) , 

O 

k Q and the posture angles {0 y/ 0 p/ © r ) of the grip portion 14, 

m 

to a step 110 of finally extracting form characteristics 
of the golf swing using the time sequence data, is 

^ processed by software inside the personal computer 22 

q shown in Fig. 1. 

|S First, time sequence data of the three dimensional 

D position coordinates (x, y, z) , and time sequence data of 

the posture angles (0 y , 0 p , 0 r ) , of the grip portion 14 are 
obtained in the step 100 by the golf swing measuring 
method using the present invention as mentioned above, and 
the behavior of the grip portion 14, including at least 
the behavior from a top state during the swing to a ball 
impact state, is approximated on a plane, and obtain the 
plane as a swing plane A in a step 102. The swing plane A 
is computed from a plane sloping to the left when facing 
the impact direction from behind a golfer (a right-handed 
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golfer), as shown in Fig. 4. This type of approximation 
can be made by regressing the time sequence data of the 
three dimensional position coordinates (x, y, z) of the 
grip portion 14 from the top state to the impact state 
into a plane {which has an equation) C L x + C 2 y + C 3 z = C 4 
(where C lf C 2 , C 3 , and C 4 are constants) , using a least 
square method. In general, the more advanced a golfer is, 
the more precisely a swing path of the grip portion from a 
top state to the impact state during his or her swing is 
formed on a plane, a swing plane. For cases of beginner or 
intermediate golfer as well, the swing path of the grip 
portion during his or her swing, can be approximated on. a 
plane, namely a swing plane. The swing plane A changes, of 
course, in accordance with the golfer. 

When the swing planes As of 30 golfers are obtained 
by the approximation of this method, an average 
correlation coefficient of 0.97 is returned for the swing 
planes As, and the minimum correlation coefficient 
indicates 0.94. It is therefore understood that the path 
of the grip portion can sufficiently be approximated on 
the swing plane A. 

In Fig. 5, the three dimensional position 
coordinates (x, y, z) are projected on the swing plane A 
thus computed, and in addition, information on the 



pointing direction of the shaft 13 of the golf club 
computed from the time sequence data of the posture angles 
(0 y , 0 p/ 0 r ) is added, and the behavior of the grip portion 
14 from a top state T to an impact state P is shown in the 
figure . 

A motion of the grip portion 14 is seen to be 
regressed into an arc, as shown in the figure. It is also 
understood that the pointing direction of the grip 14, in 
other words, the pointing direction of the shaft 13 of the 
golf club changes along with the motion of the grip 
portion 14 . 

The motion of the grip portion 14 is then 
approximated by an arc, and a swing path arc B is obtained 
from the arc in a step 104. The calculation of the swing 
path arc B is performed by taking two dimensional 
coordinates (x n , y n ) , (n - 1 to N, and N is the number of 
time sequence data from the top state T to the impact 
state P) projected on the swing plane A of the three 
dimensional position coordinates (x, y, z) , from the top 
state T to the impact state P obtained in the step 100, 
and finding appropriate values of R c , x c , and y c which show 
a radius and a center position of the approximated arc, 
respectively, by inputting some values to R c , x c , and y c , 
such that the dispersion value S of Eq. 1 below becomes 
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equal to or less than 30 mm. 



S = 



N 



Xn-xc) 2 +(yn-yc) 2 -Rc) 2 



N - 1 



In other words, taking the dispersion value S 
(standard deviation) of the difference between the 
distance from the center position of the approximated arc 
to the position determined by the two dimensional 
coordinates (x n/ y n ) and the radius of the approximated arc 
as a measure for approximation judgement, when the 
dispersion value S is within 30 mm, it is judged that the 
swing path arc B of the grip portion 14 is approximated 
appropriately. 

Alternatively, the computation of the radius R c of 
the swing path arc B, and the center positions x c and y c 
may also be found using a successive approximation method, 
for example a well-known method such as a Newton method, 
and optimal values of R c , x c , and y c ,' may be determined 
while successively finding the values S 3 of Eq. 1 

For example, when the swing path arcs Bs of 30 
golfers are found by the above method, R c is 45 cm on 
average, with an average dispersion value of approximately 
2 cm. Further, the average correlation coefficient is 0.92, 
and it is understood that it is possible to approximate 
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the behavior of the grip portion 14 by the swing path arc 
B. 

Next, an arm angle which shows a position of the 
grip portion 14 is obtained in a step 105, and extraction 
of the wrist angle in the swing path arc B thus found is 
performed in a step 106, and extraction of the rotation 
angle of the shaft 13 is performed in a step 108. 

Fig. 6A shows a method of obtaining an arm angle 0 lf 
and a wrist angle 0 2 from the swing path arc B. Note that 
a D direction is an impact direction of impact, a point P x 
is a position at which the impact is imparted to a golf 
ball. In addition, the behavior of the golf club 12 during 
the time from a top state through a downswing is shown in 
the figure. 

As for tif^e arm angle 0 lr by taking the angle of the 
im6act directionV) as 0 deg, and the counter clockwise 
direction from theVmpact direction D in the figure as 
positive, the arm angle 0 L is obtained to show a position 
of the grip portion 14 Vrom the tree dimensional 
coordinates {x, y, z) and\the center position of the swing 
path arc B, as shown in Fig\ 6A (step 105) . In addition, 
at the top state the arm angle © l is near a range of 90 to 
135 deg, and at the impact state^ it has a range slightly 
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exceeding 2^0 deg. 

The wriVt angle 0 2 is established that a direction of 
a straight lineVtaken from the center position of the 
swing path arc B \o a moving position of the grip portion 
14 be a direction w:kth O deg of the wrist angle, and on 
the basis of this direction, a direction in which the 
shaft 13 of the golf ciub 12 proceeds in the impact 
direction is taken as positive, while the opposite 
direction is taken as negative. In other words, the wrist 
angle 0 2 is defined as the direction of the shaft 13 of the 
golf club 12, namely by an angle obtained by subtracting 
the arm angle Q 1 showing a position of the grip portion 14 
from an angle 0 4 with respect to the D direction shown in 
the figure, and the wrist angle 0 2 Ys extracted based on 
this definition. The golf club 12 snows a negative wrist 
angle in the figure. The wrist angle 0^ is thus extracted 
from the swing path arc B (step 106) . 

As for the rotation angle 0 3 , a clockwise direction 
is taken as the positive direction on the basis of the 
predetermined direction seeing from the end portion of the 
grip portion 14, as shown in Fig. 6B . This type of 
rotation angle 0 3 around the axis of the shaft 13 
(hereafter referred to as a shaft rotation angle) is an 
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angle around the shaft 13 positioned on the sloped swing 
plane A, and therefore the value of the shaft rotation 
angle 0 3 is extracted in the step 108 from the time 
sequence data of the posture angles (0 y , 0 p , 0 r ) by 
computing with respect to the slope of the swing plane A. 
If one axis of the three axes of the receiver 16 is 
aligned in the axis direction of the shaft 13, then one of 
the posture angles (0 y , 0 p , © r ) , for example 0 r , becomes the 

=t=sf 

■*5 shaft rotation angle 0 3/ and it is not necessary to perform 

m 

calculations. 

pa 

Note that the arm angle Q lf the wrist angle 0 2 , and 
* the shaft rotation angle 0 3 are obtained in the above 

y t embodiment based on the time sequence data of the three 

dimensional position coordinates and the posture angles 
around the three orthogonal axes which are obtained by the 
measurement system 10 utilizing the magnetic fields. 
However, the golf swing analysis method is not limited to 
using the measurement system 10, and the arm angle B lr the 
wrist angle 0 2/ and the shaft rotation angle 0 3 may also be 
obtained from three dimensional position coordinates and 
posture angles around three mutually orthogonal axes 
obtained by performing image measurement on images 
captured by a camera, such as a high speed camera, a CCD 
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camera, or a strobe photography camera. 

The relationship between the arm angle Q 1 and the 
wrist angle 0 2 , and the relationship between the arm angle 
0 X and the shaft rotation angle 0 3 are arranged for 
extracting the characteristics of the swing form in the 
step 110. 

For example, Fig. 7A shows the relationship between 
the arm angle 0 X and the wrist angle 0 2 - Changes in the 
wrist angle 0 2 from the top state T during the downswing of 
the golf club 12 until the impact sate P are shown for two 
people, a golfer G 1 and a golfer G 2 . 

It can be seen that the wrist angle 0 2 from the top 
state T to a state at which the arm angle 0 X is 240 deg 
remains approximately -110 deg for the golfer G lf and the 
wrist angle © 2 changes abruptly in a narrow range from 
there to the impact state P. On the other hand, compared 
to the golfer G l , the golfer G2 has smooth changes in the 
wrist angle 0 2 . It is thus understood that, compared with 
the golfer G 2 , the golfer G L possesses the characteristics 
of a swing with a strong wrist cock. 

Furthermore, Fig. 7B shows the relationship between 
the arm angle 0 X and the shaft rotation angle © 3 as another 
example. Fig. 7B shows the changes in the shaft rotation 
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angle 0 3 during the downswing of two people, a golfer G 3 
and a golfer G 4 , from the top state T to the impact state P. 

The golfe>r G 4 has a constant shaft rotation angle 0 3 
of (approximately \60 deg from the top state to a state at 
which the arm angle^©! is 270 deg, and the shaft angle 0 3 
then changes abruptly in a narrow range from that location 
to the impact state P.\On the other hand, the golfer G 3 
does not maintain a constant shaft angle 6 3 ; it is always 

O 

C ! changing. It is thus understood that, compared to the 
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golfer G 3 , the golfer G 4 possesses the characteristics of a 
swing with weak roll. 

The swing characteristics of golfers can thus be 
easily and clearly classified using a simple two 
™ dimensional, three axis model with the arm angle Q lf the 

wrist angle 0 2 , and the shaft rotation angle 0 3 in the 
swing path arc B, having a radius of R c on the swing plane 
A, as parameters. 

The swing measurement method and the golf swing 
analysis method of the present invention explained above 
can quickly and easily be performed by the measurement 
system 10 and the software processing of the personal 
computer 22, and the swing characteristics of the golfer 
become known. Therefore, a golf club can quickly and 
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easily be selected corresponding to an individual golfer's 
swing characteristics. 

For example, a golfer who swings with a strong wrist 
cock may select a golf club with a shaft having a high 
flexural rigidity, while a golfer possessing a strong roll 
may select a golf club with a shaft having a high 
torsional rigidity. 

Further, by imparting the radius R c of the swing path 
arc B, the arm angle 0 lf the wrist angle 0 2 , and the shaft 
rotation angle 0 3 obtained to a swing test robot, which 
automatically performs a golf swing and impacts a ball by 
using a golf club, as a swing behavior input signals, and 
by further using this as the swing behavior input data for 
a golf club model which is modeled by finite elements or 
the like, the design of a golf club corresponding to the 
characteristics of the golf swing, for example, design in 
which static properties and material properties such as 
the rigidity distribution of the shaft, the mass of the 
golf club head or the like, and design of the shaft shape, 
can effectively be performed. 

In addition, the analysis method of the present 
invention may also be implemented by recording program 
code embodying the above analysis method on a computer 
program product comprising a known recording medium, such 



as a floppy disc, a CD-ROM, or a DVD and invoking the 
program code within the personal computer 22. In other 
words, the program code which implements to cause a 
computer: to receive time sequence data for the three 
dimensional position coordinates (x, y, z) , and for the 
posture angles (0 y , 0 p , 0 r ) , of the grip portion of the golf 
club during the swing; to compute the swing plane of the 
grip portion from the time sequence data of the three 
dimensional position coordinates (x, y, z) ; to compute the 
swing path arc of the grip portion; and to obtain the arm 
angle time sequence data, and at least one of the wrist 
angle time sequence data, and the rotation angle around 
the shaft axis time sequence data; and which is recorded 
on a recordable medium may be invoked to implement the 
analysis method of the present invention. 

The swing measurement method, the golf swing 
analysis method, and the computer program product of the 
present invention are explained above, but the present 
invention is not limited to the above embodiments. Within 
a range which does not deviate from the scope of the 
present invention, it is of course possible to improve or 
change each portion of the present invention. 

As explained in detail above, in accordance with the 
swing measurement method of the present invention, by 
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measuring the behavior of a grip portion of an impact 
implement within magnetic fields having known intensity 
and direction distributions, and using a magnetic sensor 
for sensing the magnetic fields without being influenced 
by flexure, swing behavior in particular golf swing 
behavior can simply and easily be ■ obtained without 
influence due to a shaft or the like. 

Furthermore, in accordance with the golf. swing 
analysis method of the present invention, by approximating 
the behavior of the grip portion during the swing on a 
swing plane, and in addition by approximating the swing 
path of the grip portion by an arc, the behavior of the 
grip portion of the golf club characterizing the golf 
swing can be obtained using a simple and effective model. 
In other words, an arm angle, a wrist angle, and a shaft 
rotation angle of the grip portion moving around the arc 
can be defined, and the swing characteristics can be 
easily and clearly extracted. 



